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ABSTRACT 

We present radial velocity measurements of a sample of L0-L8 dwarfs observed with VLT/UVES and Keck/HIRES. We combine 
these measurements with distance and proper motion from the literature to determine space motions for 43 of our targets. We identify 
nine candidate members of young moving groups, which have ages of 50-600 Myr according to their space motion. From the total 
velocity dispersion of the 43 L dwarfs, we calculate a kinematic age of ~ 5 Gyr for our sample. This age is significantly higher 
than the ~ 3 Gyr age known for late M dwarfs in the solar neighbourhood. We find that the distributions of the U and V velocity 
components of our sample are clearly non-Gaussian, placing the age estimate inferred from the full space motion vector into question. 
The W-component exhibits a distribution more consistent with a normal distribution, and from W alone we derive an age of ~3 Gyr, 
which is the same age found for late-M dwarf samples. Our brightness-limited sample is probably contaminated by a number of 
outliers that predominantly bias the if and V velocity components. The origin of the outliers remain unclear, but we suggest that these 
brown dwarfs may have gained their high velocities by means of ejection from multiple systems during their formation. 
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1. Introduction 

Early- and mid-L dwarfs encompass a mass range that includes 
very low mass stars as well as more massive brown dwarfs 
around th e hydrogen-burning minimum mass (HBMMx: 0.07- 
0.08 M , IChabrier & Baraffd fl997h . The kinematics of these 
stars, especially within the solar neighbourhood, is important 
because the intrinsic velocit y dispersion of the stars can b e 
used to determine their age dWielen|[l977t iFuchs et alj|2001l) . 
Brown dwa rfs may then serve in turn as Galactic chronometers 
dBur gasser 2009), given that they constantly cool over time and 
never reach a stable state on the main sequence. 

While an age of ~ 3 Gyr for th e near b y late-M dwarfs 
is no w well established ( Reid et al] I2002I: |Reiners & Basril 
2009), kinematic ages of L and T dwarfs remain preliminary. 
Zapa tero Osorio et all (|2007) derive an age ~ 1 Gyr for 21 L 
and T dwarfs base d on space motions of these objects, while 
| iFahertv et al.l d2009l) derive an age of 3-6 Gyrs for a large sam- 
ple of L and T dwarfs, based on their distance and proper motion. 
The discrepancy between these results is probably due to differ- 
ences between the age computations but may also be attributed 
to the small number of objects with measured radial velocities, 
and thus, 3D space motions. 

Kinematic studies of brown dwarfs have been predom- 
inantly based on proper motion mea s urements (see, e.g. , 
Schmidt et all [2007: Ja meson et afl 120081: ICasewell et alll2008t 
Fahertv et al.l 120091) . Absolute radial velocities of brown 
dwarfs have been obtained f or small samples by, e.g., 
Basri et all (l2000l). iBailer- Jones! d2004l) . iBlake et al l d2007l) . or 
Zapatero Osorio et al. (2007). In this paper, we measure radial 
velocities and provide space motions for 43 L0-L8 dwarfs, thus 
for a much larger sample than obtained before. 



2. Sample and analysis 

iReiners & Basril (12008, hereafter RB08) present high resolution 
(R £ 30, 000) optical spectra of 45 L dwarfs^ obtained with 
VLT/UVES and Keck/HIRES. They measure rotational veloc- 
ities and chromospheric activity to investigate rotational braking 
in M and L dwarfs. The sample selection and observations are 
presented in Sect. 2 of RB08, the targets being e ssentially the 
brigh t est L dwarfs distributed over the whole sky (Marti n et al. 
1999; Kirkpat ricketaD 120001 ICruzetalJ I2003L Kendall et al. 
2004; Rei d et al.ll2008l) . No preselection of any other parameter 
was made. 

We use Gl 406 as our primary radial velo city standard (M6V, 
v ra <J = 19 + lkms 1 , Mohanty & Basri 2003) and employ a cross- 
correlation technique to measure th e radial velocity of each star 
for various spectr al orders (see, e.g jMohantv & Basri 2003] and 
Basr i et al. 2000 for a detailed description of the method). We 
focused on the resonance lines of Cs I and Rb I as well as the 
prominent features of TiO, VO and, most importantly, FeH. 
Telluric absorption lines of the O2 A-band as well as strong H2O 
lines around AA 930-960 nm were used to correct for shifts in 
the wavelength solution of each spectrum with respect to our ra- 
dial velocity standard. We followed the conservative approach of 
adopting the standard deviation of the radial velocities obtained 
in different spectral orders as the intrinsic error of our final ra- 
dial velocities. The intrinsic uncertainties range from 0.2 kms -1 



1 One of the targets (2MASS Jl 159+00) has too low a signal-to-noise 
ratio to compute a robust radial velocity, reducing the initial sample size 
to 44. One more target (2MASS J1854+84) has no published proper 
motion and distance, reducing the number of final targets in our sample 
to 43. 
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Fig. 1. Example of the distribution of radial velocities obtained 
in different spectral orders from stellar lines (left) and telluric 
lines (right) in the spectrum of 2M1645-1319 (L1.5V). See text 
for details. 



for the earliest L dwarfs up to 4 kms 1 for the latest and most 
rapidly rotating targets. The final uncertainty in most cases is 
dominated by the uncertainty in the absolute radial velocity of 
G1406, which we added in quadrature to the intrinsic uncertainty 
of each target. All radial velocities were finally corrected for 
barycentric motion. 

As an example, we show in Fig.[T]the results obtained for the 
LI. 5 dwarf 2M1645-1319. The radial velocities obtained from 
stellar lines in 1 1 different orders show a nearly Gaussian distri- 
bution with a mean of 26.6 kms and a standard deviation of 
0.21 kms -1 . The telluric lines in 4 different orders show an off- 
set of 0.2 + 0.16 km s~' . Hence, we determined a radial velocity 
of 26.4+ 1.0 kms" 1 . 

For all L dwarfs later than L2, we also used the spectra 
of 2MASS1645-1319 (L1.5) and 2MASS1045-0149 (L1.0) as 
secondary radial velocity standards. Absolute radial velocities 
for both objects were determined against G1406 with a preci- 
sion of ~ 0.3 kms -1 . Both targets are relatively slow rotators 
(vsin/ = 9 kms"" 1 and <3 kms 1 , respectively, RB08) and 
their respective VLT/UVES and Keck/HIRES spectra have a 
high signal-to-noise ratio, making them well suited as cross- 
correlation templates. Radial velocities of all targets measured 
relative to G1406 and our L dwarf templates are always identi- 
cal, but the latter correlation produced more robust results with 
smaller uncertainties since the L dwarf templates are a closer 
match to the spectral features of the targets. Thus, we adopted 
the radial velocities obtained from the cross-correlation with our 
secondary velocity standards for all targets later than L2 as our 
final results. 



3. Results 

3. 1 . Radial velocities 

We present the final results from our radial velocity measure- 
ments in Table|2] Twelve targets were observed with VLT/UVES 
and Keck/HIRES at different epochs. In all cases, the radial ve- 
locities obtained from both runs were fully consistent within 
their individual uncertainties, showing no sign of significant 
radial velocity variability on a kms -1 level. We also com- 
pared our results to radial velocities reported in the litera- 
ture dBasri et al . 2000; Bailer- Jones 2004; Zapatero Osori o et al.l 
120071; Blake et al. 2007). We found good agreement with our val- 
ues in 16 cases. However, we found two cases, namely 2M0255- 
47 and 2M1305-25, where our radial velocities are inconsistent 
with other measurements. We discuss these objects in Sect. 



3.2. Space motions 

To calculate the space motions of our sample, we combine our 
radial velocity measurements with distance and proper motion 
data collec ted from the literatu re, mainly from the extensive 
database of Fa hertv et al.l d2009l) . Distances are based mostly on 
spectrophotometric estimates and have a typical uncertainty of 
1 pc. A few L dwarfs in our sample have measured trigonometric 
parallaxes, which notably reduces their distance er rors. We com- 
pared the reported proper motions and distances in Fa hertv et al.l 
(2009) with other sources and used the values with the smallest 
uncertainties. Details are provided in Table[2] 

Space motions were computed using the IDL routine 
gal_uvvfl All space motions are relative to the sun. We adopt 
a sign convention for U that is positive towards the Galactic 
Center. We determine errors in distance, proper motion, and ra- 
dial velocity in a Monte Carlo fashion to compute error estimates 
in U,V, and W. In this computation, we derive space motions for 
all possible combinations of input parameters and their lcr un- 
certainties. We then calculate the standard deviation in U,V, and 
W for each target from this distribution and adopt these values 
as the lcr uncertainties in U,V, and W. The calculated space mo- 
tions and their respective errors are given in Table [2] along with 
the distance and proper motion data obtained from the literature. 



3.3. Membership in young moving groups 

Young moving groups are associations of coeval and comoving 
stars. Members of moving groups can be identified either on the 
basis of proper motion and p osition on the sky, using the mov- 
ing cluster method (see, e.g.. iBannister & JamesonlfeOOTl) or by 
comparing the 3D space motions of individual objects with the 
mean space motion of the moving group. We found members 
of four young moving groups (MG), namely of the Hyades, the 
Pleiades MG, the AB Dor MG, and the UMa MG, with ages 
ranging from 50-600 Myr. All these moving groups are close- 
by and located in or near the velocity ellipsoid of the young 
(thin) disk (-50 < U < +20 kms "" 1 , -30 < V < kms 1 , and 
—25 < W < +10 kms , see, e.g., lLeggettlll992L and references 
therein). No members were found for other young and close 
moving groups considered in our analysis, such as TW Hydrae 
Association, the f3 Pict oris MG, and the Tucan a/Horologium 
Association (see, e.g., Zuckerma n & Song||2004l) . While their 
UVW velocity ellipsoids are close to those of the Pleiades MG 
and the AB Dor MG, we excluded memberships based on dis- 
tance or position on the sky in all cases where confusion in the 
UVW space limited our ability to assign memberships based on 
space motions only. 

The space motion of our targets are shown in Fig. [2] We over- 
plot the velocity ellipsoids of the young moving groups in the 
same figure, adopting a typical dispersion of 10 kms"' for the 
Hyades and 7 kms" 1 for the Plei ades, AB Dor, and UMa in ac- 
cordance with lChen et al.ld 19971) and lChereul et al.1 d 19991) . We 
compare the computed space motion of our targets to the typi- 
cal space motio n of both the young disk an d the young moving 
groups listed in lZuckerman & Son g (2004). We found a total of 
1 1 objects that belong to the galactic young disk population (see 
Table |2]i and another 9 objects that belong to the young moving 
groups (see Table [I}- Comments on individual targets are given 
in Sect. 



2 Written by W. Lan dsman and S. Koposov, based on 
Uohnson & Soderblod dl987h . 
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Table 1. Candidate members of young moving groups based on 
our UVW analysis 



Moving group" UVW (kms 


-u 
) 


Age (Myr) 


Hyades Cluster -40, -17, - 


-3 


~ 600 


zMASS J0255035 / -4/00509 






2MASS J10452400-0149576* 






2MASS J10473109-1815574 i 






2MASS J14413716-0945590 






2MASS J22000201-3038327 






Ursa Majoris MG + 14, +1,- 


9 


~ 300 


2MASS J03 140344+ 1603056 






2MASS J 17054834-05 16462 






Pleiades MG -12,-21,- 


11 


~ 100 


2MASS J06023045+3910592 


AB Doradus MG -8, -27, - 


14 


~ 50 


2MASS J17312974+2721233 



a UVW and age from lZuckerman & Sond d2004l). 

b Membership already suggested bv Ijameson et alj d2008h . see also 
Sect. [331 



We note that only five out of 43 targets (~ 12%) are can- 
didate members of the Hyades. This is in notable contrast to 
the ~ 40% (8 out of 21 target s) of L and T dwarfs reported 
by IZapatero Osorio et al.l d2007l) that are within or close to the 
2 a ellipsoid of the Hyades. While this membership criterion is 
weaker than that applied by ourselves, the space motion of our 
sa mple have a much wider disp ersion in UVW than the sample 
of Zapate ro Osorio et al.l d2007l) and significantly fewer objects 
fall in or near the velocity ellipsoid of the Hyades in our case. 

3.4. Kinematic age of the sample 
3.4.1. General considerations 

The computation of kinematic ages is based on the dispersion of 
true space motions and requires a complete set of 3D velocity in- 
formation. The translation of the total velocity dispersion (<x tot ) 
to tangential velocities by means of cr tot = (3/2)^ 2 cr tan assumes 
that the dispersions in v tan are spread equally between UVW. 
Even for a large sample of objects, this assumption might intro- 
duce a bias in the age determination from tangential velocities 
alone, and radial velocity measurements are needed to complete 
the full set of velocity vectors. 

The velocity dispersion of a statistically significant sam- 
ple of stars allows an estimate of the age of the sample, given 
th e dynamical evolu tion of the Galaxy (see, e.g.. IWielenl 1977I 
or iFuchs et all |2001|) . Examples of ag e estimations f o r sam - 
ples including L dw a rfs ar e giv en in ISchmidt et alJ d2007l) . 
IZapatero Osorio et al l (I2007I) . and IFahertv et al.l (I2009I) While 
the results of ISchmidt etail d2007l) and IFahertv et aD d2009t) 
are based on large sampl es of tangential velocities only, 
Zapatero Osor io etaD ([2007) present radial velocities and thus 
true space motions of 21 L and T dwarfs. We revisit the popu- 
lation of early- to mid-L dwarfs and estimate its age based on 
the total velocity dispersion of the space motions in our larger 
sample. 

To compute the age of a sample of stars based on the work 
of lWielenldl977h . one has to calculate t he velocity dis persion in 
U, V, and W according to Eqs. 1-3 in IWielenl dl977l) . i.e., one 



must apply a weight of |W| to all data points when calculating 
the dispersions in each dimension. The weights account for the 
fact that we are limited to objects within a small volume close 
to the midplane of the Galactic disk, and enable us to infer ages 
from the kinematical heating of the whole disk. 

We briefly summarise the results from thre e papers deal- 
ing w ith the kinematic age of low-mass objects. Schmi dt et al.l 
d2007l) infer an age estimate of 3.1 Gyr for their sample of 
M7-L8 L dwarfs, which agrees with the value reported by 
IFahertv et alJ d2009l) and appears consistent with resul ts for late- 
ly! samples (iReid et all l2002t iReiners & Basril l2009l) . On the 
other hand, IZapatero Osorio et alJ d2007l) report an age of only 
~ 1 Gyr for their sample of L and T dwarfs. We n ote that an im- 
portan t difference with respect to our work is thatlSchmidt et al.l 
d2007l) . IZapatero Osorio etaTI d2007l) . and IFahertv et all d2009) 
calculate the total velocity dispersion as the dispersion of v tot in- 
stead of cr tot = (cr^jj + o-y + cr^j ' , which may underestimate 
the dispersion and thus the age. Unfortunately, an error intro- 
duced in the formula computing age from velocity spread had 
the effect of almost eliminating this offset, so that in two of the 
papers, an age of 3 Gyr is computedQ A m ore detailed discussio n 
of the computations of kinem atic age bv | Schmidt et"aT] d2007l) . 
IZapatero Osorio et al.l j2007l) . and Fah ertv et alJ d2009l) is given 
in lReiners & Basril d2009l) . 

We reanalyse the space motions of th e sample of 21 brown 
dwarfs of spectral type L4V-T8V of IZapatero Osorio et al.l 
d2007l) and calculate |W|-weighted velocity dispersions of 
(cr u , cry, <Jw) = (35.0, 15.1, 15.3) kms -1 from the values given 
in Tables 3 and 4 of their paper. The |W|-weighted total veloc- 
ity dispersion is cr tot = 41.1 kms -1 . This dispersion is an in- 
dicative of an age of ~ 3.0 Gyr, w hich is in good a greement 
with ages derived for late-M dwarfs. IReid et afl d2002l) infer an 
age of 3 Gyr from th e velocity distribution o f a sample of 31 
M7.5-M9 dwarfs, and lReiners & Basril (120091) find the same age 
for a volume-limited sample of 63 M7.5-M9 dwarfs in the solar 
neighbourhood. 

3.4.2. Kinematic age of our sample 

We now turn to our new sample of L dwarfs; we find that 
the velocity dispersion of our 43 targets is (o-u,o- v ,o- w ) = 
(33.8, 28.0, 16.3) kms" 1 and calculate a total velocity dispersion 
of cr tot = 46.8 kms" 1 . Our |W|-weighted velocity dispersions are 
(o-u,o- v ,o- w ) = (39.8,29.7, 17.4) kms" 1 and the |W|-weighted 
total velocity di spersion is cr to t = 52.7 kms" 1 . From this value 
and Eq. (16) of lWielenl dl977h . we derive an age of ~ 5.1 Gyr 
for our sample. 

Our result of ~ 5.1 Gyr is much higher than the ~ 3 Gyr 
we derived for the 21 L and T dwarfs in the sample of 
Zap at ero Osorio et al. (2007). This value also seems counterin- 
tuitive compared to the age of ~ 3 Gyr for late-M dwarfs. If any- 
thing, one would expect a sample of L0-L8 dwarfs to be younger 
than a sample of M7.5-M9 dwarfs: the hydrogen-burning min- 
imum mass (HBMM) divides late-type objects into low mass 
stars and brown dwarfs. Comparing the e ffective temperatures 
of the lowest mass stars at 1-10 Gyr given in[ Chabrier & Baraffe 
dl997l) with the temperature scale of lVrba et alJ d2004l) for L and 



3 This can be illustrate d when considering, e.g., th e total velocity dis- 
persions in Table 5 of Zapatero Osor io et all d2007t) . For G-type stars, 
the dispersion peaks at cr tot = 35.9 km s" 1 , which should yield an 
age lo wer than ~ 2.2 Gyr (see Fig. 1 in IFuchs etHfl d200lh and ta- 
bles in | Wielenl d 19771)). An age of 9 Gyr is reported in Table 5 of 
Zapatero Osorio et al .(20071). 
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Fig. 2. Space velocities in the U-V (left) and W—V (right) plane. The velocity ellipsoids for the young disk as well for some young 
moving groups are shown. Moving groups considered in the analysis but without members in our sample are not shown for clarity. 
Objects in colour are candidate members of the respective moving groups, as indicated in Table|2] 



T dwarfs, this boundary occurs at spectral type L1-L2. Brown 
dwarfs below the HBMM cool over time and move to much later 
spectral types than early-L. This causes a depletion of old brown 
dwarfs with masses j ust below th e HBMM in a sample of early - 
to mid-L dwarfs (see Burgasser 2004). Given this depletion of 
old brown dwarfs with spectral types of early- to mid-L, the av- 
erage age of a sample of L0-L8 dwarfs as presented here might 
be younger, not older, than a sample of late-M dwarfs. 

Since we can expect this to affect early-L dwarfs close to the 
HBMM differently from the mid to late-L dwarfs, we divided 
our sample in half and computed the velocity dispersion and age 
for objects for spectral types L0V-L1.5V and L2V-L8V sepa- 
rately. We found no statistically significant difference between 
the dispersions and ages of these two groups, nor did we notice 
any velocity outliers related to only one of the groups. T his is 
consistent with a similar analysis bv lSchmidt et a l. (2007), who 
analyse the tangential velocity of a sample of M7-L8 dwarfs 
and find no significant differences in the velocity dispersion and 
number of outliers between subsamples of M7V-L2V and L3 V- 
L8V. 



3.4.3. Potential explanations of the old age 

We can speculate about the reason for this result: 

(1) The velocity dispersion of our sample might not al- 
low us to determine an age of our sample because of the non- 
Gaussianity of the distribution. While a dispersion can be for- 
mally obtained for any distribution of velocities, the dispersion 
can only be used as an age indicator if the distribution is normal. 
We show the distributions of U, V, and W velocities in our sam- 
ple in the top row of Fig. [3] In the bottom row of the same fig- 
ure, we show p robability plots (see, e.g.. iLutz & Upgrenl ll980: 
iReid et aill2002l) to help assess how closely a single Gaussian 
distribution fits our data. As can be seen in the plots, a straight 
line, corresponding to a single Gaussian distribution, is only 



marginally consistent with our data. The closest fit is obtained 
for the distribution of the W component, while the U and V com- 
ponents show notable deviations from a Gaussian distribution. 
Using our measured velocity dispers ion crw and the relation be- 
tween <t w and cr tot given in IWielenl d!977l) . we compute an age 
of 3.2 Gyr from cr w alone, which is indeed consistent with the 
age of late-M dwarf samples. 

The non-Gaussian distribution of the space motion is proba- 
bly no t due to the limited size of our sample. iReiners & Basil 
(2009) show probability plots for their sample of 63 late-M 
dwarfs, which are very well reproduced by a single Gaussian dis- 
tribution. Our sample is only ~ 30% smaller but exhibits strong 
deviations from a Gaussian distribution. The particular choice of 
the targets for the sample might instead produce a bias. Since 
our sample comprises the brightest objects per spectral bin, the 
sample should be biased towards younger objects. This is, how- 
ever, not what we found. From cr tot , the sample appears much 
older. On the other hand, the derived age from crw alone is sub- 
stantially younger than the one inferred from cr tot . In fact, the 
3 Gyr derived from crw is similar to the age of the late-M sam- 
ples, which may be expected to be of comparable age. Because 
the dispersions in U and V do not follow a Gaussian distribution 
while the one in W does, one might argue that the age from W 
alone is a more reliable estimate of the true age of our sample. 
Unfortunately, at this point we have no explanation of why the 
distributions in U and V differ from the one in W. 

(2) The lowest mass stars and brown dwarfs might have a 
different initial velocity dispersion a t the time of formation from 
higher mass stars (vo = 10 kms 1 in Wielenl ll977h . lBihain et al.l 
(2006) find that the velocity dispersion of the brown dwarf mem- 
bers in the Pleiades is about four times the dispersion of solar- 
type members of the cluster. A higher Vo would naturally lead to 
a different velocity dispersion as a function of time without in- 
voking a different feedback by the lowest mass stars and brown 
dwarfs on the Galactic potential. This effect, however, should 
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have identical influences on U, V, and W. We see no reason why 
only U and V should be affected by such a mechanism. 

(3) Individual kinematical outliers can significantly bias the 
velocity dispersions of small samples. This e ffect would be en - 
hanced by the |W|-weighting, as discussed in iReid etal.1 (120021) . 
However, we find no clear correlation of \W\ with either v tot or 
v tan in our sample, and the removal of five objects with the high- 
est v to t only marginally lowers the age of the sample. On the 
other hand, the removal of six objects with the highest tangential 
velocity (v tan > 70 km s~') lowers the mean age of the sample to 
3.0 Gyr, as computed from cr to t. This effect may be expected but 
a removal of those objects can only be justified if the distribution 
of tangential velocities identifies them as clear outliers. This is 
not evident for our sample. We note that the error in the spec- 
trophotometric distance s of some targets m ight be much larger 
than the ±1 pc given in iFahertv et alj d2009l) . which could con- 
tribute to a few moderate Vt an outliers. In any case, it remains 
true that even 43 objects must be considered too small a sample 
when robustness to kinematic outliers is important, especially 
when the sample is not volume-limited and prone to selection 
effects. 

In summary, an age of ~3 Gyr for our sample seems likely 
given the non-Gaussian distribution of the U and V velocities 
and the age determined from <tw alone. Furthermore, that the re- 
moval of the most significant outliers in the distribution of tan- 
gential velocities reduces the age of the sample to a similar value 
may indicate that a handful of fast moving outliers are contained 
in the sample. These outliers may have been accelerated during 
a very early phase of their evolution, perhaps by ejection from 
multiple systems. 

3.5. Notes on individual objects 

- 2MASS 0036+18 and 2MAS S 0825+21 are both listed in 
Banni ster & Jameson! d2007h as belonging to the Hyades 
Moving Group based on the moving cluster method. We are 
unable to confirm this finding. Although both objects be- 
long to the young disk population, their space motions are 
inconsistent with the space vector of the Hyades in V and 
W (2MASS 0036+18) and U and W (2MASS 0825+21), re- 
spectively. 

- 2MASS 0255-47: We report a radial velocity for this object 
of v rac j = 25+4.1 kms , w hich is inconsistent wit h v ra d = 
17.5 ± 2.8 kms 1 reported in Zapatero Oso rio et al] d.2007), 
and v rad = 13.0 ± 3.0 km s" 1 in iBasri et all (|2000|) . Given 
the late spectral type, ranging from L6 to L8, and the high 
rotational velocity of the system (vsin/ * 67km s _1 , RB08) 
the uncertainties in all the reported radial velocity values - 
including ours - might be underestimated. Nevertheless, we 
note a slight trend with time in the radial velocity that should 
be verified with additional observations; 

- 2MASS 1045-01 and 2MASS 7047-7S: ljameson et all d2008l) 
list both objects as probable Hyades members, based on new 
proper motion measurements. We can confirm their member- 
ship based on the full space motions of both objects. 

- 2MASS 1305-25: This object, also know n as Kelu 1, is a tight 
binary (p ~ 0.3". lLiu & Legge tt 2005) consisting of a LI. 5- 
L3 and a L3-L4.5 component. Its orbit is highly eccentric and 
the or bital period is estimated to be ~ 38 yrs (Stumpf et al.l 
2008). Using the orbital elements of IStumpf et al l (12008). 
we estimate that our radial velocity measurement might be 
affected by the orbital motion of the binary at a level of a 
few kms 1 depending on the fractional light contribution 
from each component in our optical spectra. Because of 



the high rotational velocity of the components in the sys- 
tem (vsin/ « 76 kms -1 , RB08), we are unable to iden- 
tify the ind i vidu al components in the spectrum. We note that 
Basri et ail (l2000h report a radial velocity of v la( j ~ 17 km s _1 
measured in June 1997. This value differs significantly from 
the v ral j = 5 ± 2.2 kms -1 that we measure in our spectrum 
from May 2006, although the difference seems too large to 
be explained by t he orbital motion o nly. 

- 2MASS 1441-09: iBouv et al.l (120031) found this object to be 
a close binary (p ~ 0.4") composed of two LI dwarfs. 
IBouv et all d2008l) present follow-up astrometric observa- 
tions and estimate the orbital period to be 120-230 yr. This 
period is too long and the brightness difference in the two 
components too small to bias our radial ve l ocity measure- 
ment in any significant way. ISeifahrt et al.l d2005l) demon- 
strate that this L dwarf binary forms a common proper 
motion pair with the M4.5V star G124-62. The radial ve- 
locity of G 124-62 reported by the same authors is v, a d = 
-29.3 kms 1 , which is in close agreement w i th our radial 
velocity for the L dwarf binary. Seifa hrt et al.l d2005) argue 
that the system is a probable member of the Hyades super- 
cluster, which we confirm with improved proper motion for 
the system. 

- 2MASS 1854+84: This object has no published proper mo- 
tion and distance. Hence, we have to exclude it from our 
analysis of space motions, reducing the original sample size 
to 43 objects. We obtain a radial velocity of v lad = -3.5 ± 
1 .0 km s _1 for th is target. 

- 2MASS 2200-30: iBurgasser & McElwainl (120061) resolve this 
target into a close binary (p ~ 1") with spectral types 
of M9V+L1V and estimate the orbital period to be 750- 
1000 yrs. Hence, our radial velocity measurement should be 
unaffected by the binarity, given the long period and similar 
brightness of both components. 

4. Summary 

We have measured the radial velocities of 44 L0-L8 dwarfs 
in the solar neighbourhood from high resolution optical 
VLT/UVES and Keck/HIRES spectra. We combined these 
measurements with distance and proper motion data to com- 
pute space motions for 43 of our targets. For one target 
(2M 1854+84), no proper motion and distance was available in 
the literature and we had to exclude the target from the sample. 
We formally derived an age of 5.1 Gyr from the |W|-weighted 
total v elocity d i spers ion of the sample and the age-velocity rela- 
tion of IWielerJ d 1977b . However, the space motion components 
U and V of our sample are not normally distributed, compromis- 
ing the age computation from cr tot . We found that the distribution 
in W is, however, quite consistent with a Gaussian shape. From 
W alone, we compute an age of ~ 3 Gyr. 

We note that the formally derived age of 5.1 Gyr from cr tot 
for the whole sample is in disagreement with the mean age of 
the lowest mass stars in the solar ne ighbourhood (~ 3 Gyr, 
Reid et al 1l2002tlReiner~ & Basri 2009) and the expectation that 
early- to mid-L dwarfs should be younger than the lowest mass 
stars of spectral type M7.5-M9. We speculate that either the 
initial velocity dispersion of brown dwarfs is notably different 
from that of solar-type and lower-mass stars, or that our particu- 
lar sample is biased towards older and/or kinematically peculiar 
objects. The latter seems the most likely explanation since a few 
high-velocity objects could bias our statistics. Such a bias would 
be enhanced by the |W|-weighting of the dispersions when cal- 
culating <x tot and thus the mean age of our sample. 
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Fig. 3. Top row: Histograms of the space motion components in U, V, and W (from left to right). Bottom row: Probability plots for 
in U, V, and W (from left to right). Data are shown with their uncertainties as error bars. The dashed line marks the 1.5<x cutoff for 
the fit shown as a solid red line. The slope of the linear fit is the <x of the closest matching Gaussian distribution. 



The most likely age of nearby early- to mid-L type dwarfs 
is of the order of 3 Gyr, and we have found no evidence of an 
age lower than this. However, a statistically clearly defined, and 
perhaps larger sample of L and T dwarfs with accurate radial 
velocities would be necessary to robustly determine the mean 
age of brown dwarfs from a kinematic analysis. 
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Table 2. Radial velocities and space motions of our targets. Data on distance and proper motions are obtained from the literature. 
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14.0 


± 1.0 


-1087 ± 


13 


14 ± 


11 


Ci Ci _i_ 

-U.V ± 


1 

1 .z 


/1 1 /I _i_ 

-41.4 ± 


1 o 
J.Z 


/17 /I _i_ 

-4/. 4 ± 


Q A 
J.O 


1C 1 _L 1 f| 

jj.j ± z.y 








OA/fACC T1 A1 ^AA 1 ^j-'J^^Qfin^ 
ZlVlAoo J 101 j4410+jjjyUUJ 




24.0 


± 2.0 


-17 ± 


12 


-512 ± 


15 


o 1 n -l 


1 

1 .z 


/10 1 -L 

4Z. 1 ± 


/I A 
4.0 


A1 ^ _i_ 
-4Z.J ± 


i n 
J.U 


i a 1 . i a 
- 10. 1 ± 1 . J 








OA/fACC T0in/11/1Q1 ini71AQ 
ZlVl/Voo JZ1U414V1-1UJ / joy 




17.0 


± 2.0 


614 ± 


16 


-281 ± 


15 


on ^ -u 




z.z 


"XH Q -i- 
-J/.y ± 


J.J 


OC Q -i- 

-zo.V ± 


O 7 
Z. / 


'X'X A -l. < 7 
-JJ.4 ± J. / 


] 






OA/fACC TnniAl A1 7_i_ 1 CO 1 1 C\A 
ZlVl/Voo JUUjOIOI / + lozl 1U4 


T ^ ^ 


8.8 


±0.1 


899 ± 


1 


120 ± 


2 


o 1 n -u 
Zl.U ± 


1 Q 


-4 l.U ± 


n 7 
u. / 


Q 1 i 

-J.Z ± 


1 O 
1 .Z 


111-1- 1 1 
-Ij.j ± l.J 


J 


Young disk 




ZMAm JU/UUj004+j1j /ZOO 


T ^2 ^ 


12.2 


±0.3 


130 ± 


1 


-546 ± 


1 


A1 < _i_ 




2.2 


/n n _i_ 
4j.U ± 


o o 
Z.Z 


OQ A _i_ 
-ZO.0 ± 


n o 
U.o 


1 A O _i_ n A 

-10.5 ± U.O 








2MASS 1170^4834-0516462 


L4.0 


11.0 


± 1.0 


129 ± 


14 


-103 ± 


15 


12.2 + 


1.1 


14.2 + 


1.1 


2.8 ± 


0.8 


-3.7 ± 1.1 


. 


T TlVTfi mnvincr o 

KJ IVXCl lllw V 1 1 1 ^ 


rniin 
iuup 


2MASS J22244381-0158521 


L4.5 


11.4 


±0.1 


457 ± 


2 


-871 ± 


1 


-39.0 ± 


1.1 


-10.4 ± 


0.4 


-64.9 ± 


0.8 


-5.0 ± 0.9 








2MASS J00043484-4044058 


L5.0 


13.0 


±0.7 


643 ± 


2 


-1494 ± 


1 


30.0 ± 


1.4 


11.4 ± 


0.5 


-102.9 ± 


5.4 


-15.3 ± 1.6 








2MASS J08251968+2115521 


L5.0 


10.7 


±0.1 


-510 ± 


2 


-288 ± 


2 


20.0 ± 


3.2 


-27.5 ± 


2.6 


-16.9 + 


1.1 


-15.5 ± 1.6 




Young disk 




2MASS J08354256-08 19237 


L5.0 


7.0 


± 1.0 


-530 ± 


30 


300 ± 


30 


26.5 ± 


2.2 


-31.2 ± 


1.6 


-11.8 ± 


1.9 


-0.5 ± 1.2 




Hyades movin; 


I group 


2MASS J15074769-1627386 


L5.0 


7.3 


±0.03 


-161 ± 


2 


-888 ± 





-40.4 ± 


1.8 


-26.4 ± 


1.5 


-16.7 ± 


0.4 


-40.5 ±1.1 








2MASS J02550357-4700509 


L8.0 


5.0 


±0.1 


999 ± 


2 


-565 ± 


3 


25.0 ± 


4.1 


-5.4 ± 


0.4 


-35.7 ± 


2.2 


-7.3 ± 3.6 


5 







Refe rences.- Distances and proper motion: OllFahertv et ail ( 12009. 
( tPerrvmanetalJ 19971) . oi lLodieu et'a l. (2005). (4) lHenrv et al.h ; 



, and refer ences therein), (2) HIPPARCOS catalogue 
2006T) . (5) ICosta et al. ( 2006) 



